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(54) FIELD EMISSION TYPE ELECTRON SOURCE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
low-cost field emission type electron source that 
can stably and highly efficiently emit electrons. 
SOLUTION: Electrons injected from a 
conductive board into a porous polysilicon layer 
31 6 quickly thermally oxidized as a strong electric 
field drift layer drift towards the surface in the 
porous polysilicon layer 6 and are emitted 
through a metallic thin film formed on the 
porous polysilicon layer 6. The porous 
polysilicon layer 6 is constituted with at least 
semiconductor crystal polysilicon columns 61, 
this silicon oxide films 62 formed on the surface 
of the polysilicon columns 61, microcrystal 
silicon layers 63 of nanometer-order of semiconductor microcrystal that exist between 
the polysilicon columns 61, and silicon oxide films 64 that are formed on the surface of 
the microcrystal silicon layers 63 are insulating films with a film thickness smaller than 
the crystal grain diameter of the microcrystal silicon layers 63, and the electrons are 
accelerated by strong electric filed impressed on the silicon oxide films 64. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A conductive substrate and a strong electric field drift layer formed in the 1 
surface side of a conductive substrate characterized by comprising the following, A 
field emission type electron source which it has a metal thin film formed on this strong 
electric field drift layer, and an electron poured in from a conductive substrate by 
impressing voltage as an anode to a conductive substrate in a metal thin film carries out 
the drift of the strong electric field drift layer, and is emitted through a metal thin film. 
A pillar-shaped semiconducting crystal installed successively by a main table side of a 
conductive substrate and said strong electric field drift layer crossing at right angles 
abbreviated at least. 

Semiconductor micro crystallite of nanometer order which intervenes between 
semiconducting crystals. 

An insulator layer of thickness which is formed in the surface of semiconductor micro 
crystallite and in which the semiconductor micro crystallite concerned is smaller than a 
crystal grain diameter. 

[Claim 2]The field emission type electron source according to claim 1, wherein said 
semiconducting crystal consists of polysilicon. 

[Claim 3]The field emission type electron source according to claim 1 or 2, wherein 
said insulator layer consists of oxide films. 

[Claim 4]The field emission type electron source according to claim 1 or 2, wherein 
said insulator layer consists of nitrides. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the field emission type electron source 
it was made to emit an electron beam by field emission using a semiconductor material. 
[0002] 

[Description of the Prior Art]There are some which are conventionally called what is 
called a Spindt (Spindt) type electrode currently indicated by the U.S. Pat. No. 3665241 
item etc., for example as a field emission type electron source. The substrate which has 



arranged much triangular pyramid shape emitter tips with this minute Spindt type 
electrode, In a vacuum emitter tips by impressing high tension as a negative electrode to 
a gate layer by having a gate layer arranged in the form insulated to emitter tips, while 
having a radiation hole to which the tip part of emitter tips is exposed, An electron beam 
is emitted through a radiation hole from the tip of emitter tips. 

[0003]However, while the Spindt type electrode had the complicated manufacturing 
process, it was difficult to constitute much triangular pyramid shape emitter tips with 
sufficient accuracy, for example, when applying to a flat-surface luminescent device, a 
display, etc., there was a problem that large-area-izing was difficult. Since an electric 
field concentrates the Spindt type electrode at the tip of emitter tips, In the case so that 
the surrounding degree of vacuum at the tip of emitter tips may be low and residual gas 
may exist. Since residual gas is ionized by the positive ion and a positive ion collides at 
the tip of emitter tips with the emitted electron, The problem that the tip of emitter tips 
will receive a damage (for example, damage by an ion bombardment), and current 
density, efficiency, etc. of the electron emitted will become unstable, or the life of 
emitter tips will become short arises. Therefore, in the Spindt type electrode, in order to 
prevent generating of this kind of problem, while it needed to be used by the high 
vacuum (10 " 5 Pa - 10 ^Pa) and cost became high, there was fault that handling became 
troublesome. 

[0004]In order to improve this kind of fault, the MIM (Metal Insulator Metal) method 
and MOS (Metal Oxide Semiconductor) type field emission type electron source is 
proposed. It is a flat-surface [ where the former has metal-insulator layer-metal and the 
latter has a laminated structure of a metal-oxide film-semiconductor ] type field 
emission type electron source. However, in order to raise electronic radiant efficiency in 
this type of field emission type electron source, it is necessary to make thin thickness of 
the above-mentioned insulator layer or the above-mentioned oxide film but (in order to 
make many electrons emit), and, There is a possibility of causing a dielectric breakdown 
when voltage is impressed to inter-electrode [ of the upper and lower sides of the 
above-mentioned laminated structure ] if thickness of the above-mentioned insulator 
layer or the above-mentioned oxide film is made thin too much, Since thin film-ization 
of the thickness of the above-mentioned insulator layer or the above-mentioned oxide 
film had restrictions in order to prevent such a dielectric breakdown, there was fault that 
electronic emission efficiency (drawer efficiency) could not be made not much high. 
[0005] In recent years, as indicated by JP,8-250766,A, A porosity semiconductor layer 
(for example, porous silicon layer) is formed by anodizing the main table side side of 
the semiconductor substrate using the semiconductor substrate of single crystals, such 
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as a silicon substrate, A metal thin film is formed on the porosity semiconductor layer, 
and the field emission type electron source (semiconductor cold electron emission 
element) constituted so that voltage might be impressed between a semiconductor 
substrate and a metal thin film and an electron might be made to emit to it is proposed. 
[0006] 

[Problem(s) to be Solved by the Invention]However, in a field emission type electron 
source given in above-mentioned JP,8-250766,A, since a substrate is restricted to a 
semiconductor substrate, there are fault that large-area-izing and cost-cut-izing are 
difficult, and fault of being easy to generate what is called a popping phenomenon at the 
time of electron emission. In the field emission type electron source which a popping 
phenomenon generates at the time of electron emission, since unevenness happens to 
the amount of emission electron easily, when it applies to a flat-surface luminescent 
device, a display device, etc., there is fault that luminescence unevenness will be made. 
[0007]Succeeding in this invention in view of the above-mentioned reason, the purpose 
is to provide the field emission type electron source of the low cost which it is stabilized, 
is efficient and can emit electrons. 
[0008] 

[Means for Solving the Problem] A strong electric field drift layer by which an invention 
of claim 1 was formed to achieve the above objects in the 1 surface side of a conductive 
substrate and a conductive substrate, It is a field emission type electron source which it 
has a metal thin film formed on this strong electric field drift layer, and an electron 
poured in from a conductive substrate by impressing voltage as an anode to a 
conductive substrate in a metal thin film carries out the drift of the strong electric field 
drift layer, and is emitted through a metal thin film, At least said strong electric field 
drift layer abbreviated to a main table side of a conductive substrate A pillar-shaped 
semiconducting crystal installed successively by intersecting perpendicularly, It is a 
thing being formed in the surface of semiconductor micro crystallite of nanometer order 
which intervenes between semiconducting crystals, and semiconductor micro crystallite, 
and consisting of an insulator layer of thickness smaller than a crystal grain diameter of 
the semiconductor micro crystallite concerned, Small, at the time of electron emission, a 
popping phenomenon does not occur and is stabilized, and the degree-of-vacuum 
dependency of an electron emission characteristic can be efficient, and can emit 
electrons, Since a substrate in which a conductive film was formed etc. can also be used 
for a glass substrate other than semiconductor substrates, such as a single crystal silicon 
substrate, etc. as a conductive substrate, Compared with a case where a porosity 
semiconductor layer which porosity-ized a semiconductor substrate like before is used, 
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or the Spindt type electrode, it is effective in large-area-izing and low-cost-izing of an 
electron source being attained. 

[0009] In an invention of claim 2, said semiconducting crystal consists of polysilicon in 
an invention of claim 1. 

[0010]In an invention of claim 3, said insulator layer consists of oxide films in an 
invention of claim 1 or claim 2. 

[0011]In an invention of claim 4, said insulator layer consists of nitrides in an invention 
of claim 1 or claim 2. 

[00 12] By the way, this invention person with structure of a statement wholeheartedly to 
JP,8-250766,A explained by a Prior art as a result of research. Knowledge that a rise of 
substrate temperature when the adiathermancy of a field emission type electron source 
is high since a porous silicon layer formed by porosity-izing the main table side side of 
a single crystal silicon substrate constituted a strong electric field drift layer into which 
an electron is poured, voltage is impressed and current flows was comparatively large 
was acquired. Since resistance of a semiconductor substrate fell and an electronic burst 
size increased while an electron was thermally excited by this rise in heat, this was easy 
to produce a popping phenomenon at the time of electron emission, and knowledge that 
unevenness happens to the amount of emission electron easily was acquired. Then, an 
artificer performed this invention based on the above-mentioned knowledge. 
[0013] 

[Embodiment of the InventionJA main process sectional view [ in / for the outline 
lineblock diagram of the field emission type electron source 10 of this embodiment / to 
drawing 3 (a) - (e) / the manufacturing method of the field emission type electron source 
10 ] is shown in drawing 2 . In this embodiment, the n type silicon substrate 1 (substrate 
whose resistivity is abbreviated 0.1-ohmcm (100)) is used as a conductive substrate. 
[0014]As the field emission type electron source 10 of this embodiment is shown in 
drawing 2 , the polysilicon layer 5 by which rapid thermal oxidation was carried out is 
formed on the main table side of the n type silicon substrate 1, The porosity polysilicon 
layer 6 by which rapid thermal oxidation was carried out is formed on this polysilicon 
layer 5, and the metal thin film slack gold thin film 7 is formed on this porosity 
polysilicon layer 6. The ohmic electrode 2 is formed in the rear face of the n type silicon 
substrate 1. 

[0015]By the way, in this embodiment, although the n type silicon substrate 1 is used as 
a conductive substrate, into a vacuum, a conductive substrate supports the 
above-mentioned porosity polysilicon layer 6, and, moreover, pours in an electron to the 
porosity polysilicon layer 6 while constituting the negative electrode of the field 
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emission type electron source 10. 

[0016]The above-mentioned porosity polysilicon layer 6 is a strong electric field drift 
layer in which the electron poured in from the conductive substrate carries out a drift, 
when voltage is impressed between a conductive substrate and a metal thin film. 
[0017]Hereafter, it explains, referring to drawing 3 for a manufacturing method. 
[0018]First, after forming the ohmic electrode 2 in the rear face of the n type silicon 
substrate 1, when thickness forms in the surface of the n type silicon substrate 1 the 
non-doped polysilicon layer 3 which is abbreviated 1.5micrometer, structure as shown 
in drawing 3 (a^ is acquired. Membrane formation of the polysilicon layer 3 was 
performed with the LPCVD method, and the film formation condition was 20 Pa in 
degree of vacuum, and it set the flow of 640 ** and monosilane gas to 600sccm for 
substrate temperature. 

[00 19] After forming the non-doped polysilicon layer 3, the electrolysis solution which 
consists of taixed liquor which mixed 55wt% of hydrogen fluoride solution and ethanol 
by the abbreviation 1:1 is used, By performing anodizing by constant current, using a 
platinum electrode (not shown) as a negative electrode, and performing an optical 
exposure to the polysilicon layer 3 by using the n type silicon substrate 1 (ohmic 
electrode 2) as an anode, Structure as the porosity polysilicon layer 4 (the PPS layer 4 is 
called hereafter) formed and shown in drawing 3 (b) is acquired. In this embodiment, as 
conditions for anodizing, while considering current density as 10 mA/cm 2 regularity and 
making anodization time into 30 seconds, the tungsten lamp of 500W performed the 
optical exposure on the surface of the polysilicon layer 3 during anodization. As a result, 
in this embodiment, the porosity polysilicon layer 4 whose thickness is abbreviated 
lmicrometer was formed. In this embodiment, although a part of polysilicon layer 3 is 
porosity-ized, polysilicon layer 3 all may be porosity-ized. 

[0020]next, the structure shown in drawing 3 (c) is acquired by performing rapid 
thermal oxidation of the PPS layer 4 and the polysilicon layer 3 by rapid thermal 
oxidation (RTO:Rapid Thermal Oxidation) art. The PPS layer (the RTO-PPS layer 6 is 
called hereafter) to which rapid thermal oxidation of 6 was carried out in the polysilicon 
layer by which rapid thermal oxidation of 5 in drawing 3 (c) was carried out here is 
shown. As conditions for rapid thermal oxidation, oxidizing temperature was 900 ** 
and oxidation time was made into 1 hour. In this embodiment, since rapid thermal 
oxidation is performing oxidation of the PPS layer 4 and the polysilicon layer 3, it is 
possible to carry out temperature up to oxidizing temperature in several seconds, and the 
contamination oxidation at the time of the ON furnace which poses a problem with an 
oxidation system usual work tube type can be controlled. 
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[0021]Next, the field emission type electron source 10 of the structure shown in 
drawing 3 (d) and drawing 2 is acquired by forming by vacuum evaporation in the metal 
thin film slack gold thin film 7 on the RTO-PPS layer 6. Although thickness of the gold 
thin film 7 was set to abbreviated lOnm by this embodiment here, this thickness in 
particular does not limit.The field emission type electron source 10 uses the gold thin 
film 7 as the anode (anode) of an electrode, and the diode which uses the ohmic 
electrode 2 as a negative electrode (cathode) is constituted. In this embodiment, 
although the metal thin film is formed by vacuum evaporation, the formation method of 
a metal thin film is not limited to vacuum evaporation, and may use a sputtering 
technique, for example. 

[0022]Hereafter, the characteristic of the field emission type electron source 10 of this 
embodiment is explained. 

[0023]The above-mentioned field emission type electron source 10 is introduced in a 
vacuum chamber (not shown), As shown in drawing 4 , arrange the collector electrode 
21 (radiation electronic collection electrode) in the gold thin film 7 and the position 
which counters, and the degree of vacuum in a vacuum chamber is set to 5x10 " 5 Pa, 
While impressing the direct current voltage Vps between the gold thin film 7 and the 
ohmic electrode 2, By impressing the direct current voltage Vc between the collector 
electrode 21 and the gold thin film 7, The diode current Ips which flows between the 
gold thin film 7 and the ohmic electrode 2, The result of having measured the 
emission-electron current Ie which flows between the collector electrode 21 and the 
gold thin film 7 by electronic e " (the dashed dotted line in drawing 4 shows radiation 
electron flow in addition) emitted through the gold thin film 7 from the field emission 
type electron source 10 is shown in drawing 5 . The gold thin film 7 impresses the direct 
current voltage Vps here as an anode to the ohmic electrode 2 (getting it blocked n type 
silicon substrate 1), and the collector electrode 21 is impressing the direct current 
voltage Vc as an anode to the gold thin film 7. 

[0024]The horizontal axis of drawing 5 shows the value of the direct current voltage 
Vps, a vertical axis shows current density, I (O) in the figure shows the diode current 
Ips, and RO (-) in the figure shows the emission-electron current Ie. Direct current 
voltage Vc was considered as 100V regularity. 

[0025]The emission-electron current Ie was observed only when the direct current 
voltage Vps was positive, and it increased the diode current Ips and the 
emission-electron current Ie as the value of the direct current voltage Vps was made to 
increase, so that drawing 5 might also show. When direct current voltage Vps is set to 
15V, the current density of the diode current Ips For example, abbreviated 100mA[/cm ] 
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2 , The current density of the emission-electron current Ie is abbreviated 10microA/cm 2 , 
The value of this emission-electron current Ie is a big value compared with the field 
emission type electron source which used the porous silicon layer formed by 
porosity-izing the surface of the single crystal silicon substrate explained by the 
conventional example as a strong electric field drift layer. (For example, according to 
Institute of Electronics, Information and Communication Engineers ED96-141 and 
P41-46.) when direct current voltage Vps is set to 15V, the current density of 
abbreviated 40 mA/cm 2 and the emission-electron current Ie of the current density of 
the diode current Ips is abbreviated ImicroA/cm 2 — it turns out that the emission 
efficiency of the electron of the field emission type electron source 10 of this 
embodiment is high. 

[0026]The result of having carried out the Fowler-Nordheim (Fowler 
NORUDOHAIMU) plot of the data about this emission-electron current Ie and direct 
current voltage Vps is shown in drawing 6 . From drawing 6, since each data gets on a 
straight line, it is estimated that this emission-electron current Ie is current by discharge 
of the electron by the quantum tunnel effect. 

r0027] Drawing 7 is a graph which shows aging of the diode current Ips of the field 
emission type electron source 10 of this embodiment, and each emission-electron 
current Ie, a horizontal axis is time, a vertical axis is current density, I in the figure 
shows the diode current Ips, and RO in the figure shows the emission-electron current Ie. 
Drawing 7 is a result when direct current voltage Vps is considered as 15V regularity 
and it considers direct current voltage Vc as 100V regularity. By the field emission type 
electron source 10 of this embodiment, both the diode current Ips and the 
emission-electron current Ie are not observed, but even if time passes, the popping 
phenomenon can maintain the approximately regulated diode current Ips and the 
emission-electron current Ie, so that drawing 7 may show. The stable characteristic with 
little aging of such emission-electron current Ie is the characteristic which is not 
obtained in the field emission type electron source realized by porosity-izing the surface 
of the conventional MIM method or a single crystal silicon substrate, and is the 
characteristic obtained by adopting the structure of this invention. 

[0028]Next, the degree-of-vacuum dependency of the emission-electron current Ie of 
the field emission type electron source 10 of this embodiment is explained. Drawing 8 
shows change of the diode current Ips when changing a degree of vacuum by making 
the circumference of the field emission type electron source 10 of this embodiment into 
Ar gas atmosphere, and the emission-electron current Ie. As for drawing 8, horizontal 
axes are [ a degree of vacuum and a vertical axis ] current densities, I (O) in the figure 
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shows the diode current Ips, and RO (-) in the figure shows the emission-electron 
current Ie. In the range whose degree of vacuum is 10 ^Pa-lPa, the approximately 
regulated emission-electron current Ie is acquired from drawing 8, and it turns out that 
the degree-of-vacuum dependency of the emission-electron current Ie is small. Namely, 
since the degree-of-vacuum dependency of an electron emission characteristic is small, 
the field emission type electron source 10 of this embodiment, It can be stabilized even 
if a degree of vacuum changes somewhat, electrons can be emitted efficiently 
(radiation), and since a good electron emission characteristic is acquired also with the 
degree of low vacuum and it is not necessary to use it by a high vacuum like before, 
handling becomes easy while being able to attain low cost-ization of the device using 
the field emission type electron source 10. 

[0029] Next, the mechanism of the electron emission of the field emission type electron 
source of this embodiment is explained. 

[0030]First, in order to investigate the mechanism of electron emission, when PPS layer 
4 section of the sample of drawing 3 (b) after anodizing was observed by TEM 
(transmission electron microscope), it was checked that the crystallite silicon layer of 
nanometer order (around 5 nm in diameter) is growing around pillar-shaped polysilicon. 
When the section of the sample of drawing 3 (a) after polysilicon layer 3 membrane 
formation was observed by TEM, it was checked that the polysilicon layer 3 comprises 
an aggregate (columnar structure) of the thin pillar-shaped grain (crystal grain) of a film 
growth direction (sliding direction of drawing 3 (a)). As a result of comparing these 
audit observations by TEM, the anodization reaction of the polysilicon layer 3 
progresses preferentially on the boundary of a grain, that is, anodization advances 
between the pillar of a columnar structure, and pillars to a depth direction, and after 
anodization is considered that the structure of a pillar-shaped silicon grain remains. 
Since this becomes quick compared with the case where the formation speed of a porous 
layer (PPS layer 4) anodizes a single crystal silicon substrate, and forms a porous silicon 
layer, While the space density of the crystallite silicon layer of the nanometer order in 
which a quantum locked-in effect shows up becomes low, it is thought that a 
pillar-shaped, comparatively large grain remains. In here, that a pillar-shaped grain 
structure remains If it sees from control, and structural and thermal stability of electrical 
conductivity, The porous polycrystalline silicon formed by carrying out anodizing of the 
polysilicon layer of a columnar structure can also consider suddenly the character 
superior to the porous polycrystalline silicon formed by carrying out anodizing of the 
usual massive polysilicon layer. 

[0031]From the result of above-mentioned TEM observation, the porosity polysilicon 
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layer 6 (RTO-PPS layer 6) which is shown in drawing 3 (d) and by which rapid thermal 
oxidation was carried out, That is, the polysilicon 61 which is a pillar-shaped 
semiconducting crystal at least as a strong electric field drift layer is shown in drawing 1, 
The thin silicon oxide 62 formed in the surface of the polysilicon 61, and the crystallite 
silicon layer 63 which is the semiconductor micro crystallite of the nanometer order 
which intervenes between the pillar-shaped polysilicon 61, It is formed in the surface of 
the crystallite silicon layer 63, and it is thought that it comprises the silicon oxide 64 
which is an insulator layer of thickness smaller them the crystal grain diameter of the 
crystallite silicon layer 63 concerned. 

[0032]A deer is carried out and it is thought according to the field emission type 
electron source 10 of this embodiment that electron emission happens with the 
following models. That is, when the direct current voltage Vps which impresses the 
gold thin film 7 as an anode to the n type silicon substrate 1 reaches a predetermined 
value (critical value), electronic e " is injected into the RTO-PPS layer 6 by thermal 
excitation from the n type silicon substrate 1 side. On the other hand, since most electric 
fields impressed to the RTO-PPS layer 6 are built over the silicon oxide 64, The strong 
electric field concerning the oxide film 64 accelerates, and the poured-in electron carries 
out the drift (going to above [ in drawing 1 ]) of the space between the polysilicon 61 in 
the RTO-PPS layer 6 to direction of the arrow A in drawing 1 toward the surface. Since 
the drift length of the electron in a RTO-PPS layer is dramatically large here compared 
with the particle diameter of the crystallite silicon layer 63 like the after-mentioned, it 
arrives at the surface of the RTO-PPS layer 6, without almost causing a collision. 
Electronic e " which arrived at the surface of the RTO-PPS layer 6 is a hot electron, and 
since a hot electron has the energy more than the number kT rather than a thermal 
equilibrium state, it tunnels the gold thin film 7 easily via the oxidizing zone of the 
outermost surface of the RTO-PPS layer 6, and is emitted into a vacuum. 
[0033] By the way, in the field emission type electron source 10 of this embodiment, as 
above-mentioned drawing 7 explained, it can be efficient, it can be stabilized, without a 
popping noise occurring, and can emit electrons, but. This from the surface of each 
grain porosity-izing the RTO-PPS layer 6, and the crystallized state being maintained in 
the center section (polysilicon 61 of drawing 1 ) of each grain. The heat produced by 
impression of voltage conducts the portion (polysilicon 61 of drawing 1 ) in which the 
above-mentioned crystallized state was maintained, it is emitted outside, and it is 
estimated that it is because a rise in heat is controlled. 

[0034]When the above is summarized, the strong electric field drift layer slack 
RTO-PPS layer 6, It has semi insulating [ in which a strong electric field may exist ], 
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and there is little electronic dispersion, drift length is large, and since it has further only 
the thermal conductivity which stops the thermal run-away of the diode current Ips, it is 
thought that it can be efficient, it can be stabilized and electrons can be emitted. 
[0035]As a matter which supports the mechanism of the electron emission by the 
tunneling of the above hot electrons, the strong electric field effect on the surface of **, 
the drift length of ** electron, the energy distribution of ** emission electron, and each 
are explained. 

** The diode formed with the porous silicon produced by anodizing n form single 
crystal silicon substrate explained by the strong electric field effect conventional 
example in the surface. In the low voltage region which is not reached to cold electron 
emission in (porous silicon diode is called hereafter), electroluminescence (EL is called 
hereafter) luminescence is observed first. Considering this luminescent mechanism, by 
what kind of mechanism generating of a hole required since a substrate is n form, in 
order that an electron may carry out radiative recombination of it takes place poses a 
problem. The electronic tunneling to the conducting zone of the crystallite silicon layer 
which adjoined as a mechanism of production of a hole from the valence band of the 
analysis of the EL luminescence characteristic to the crystallite silicon layer, And two 
processes of electron-avalanche ** by an ionization by collision are proposed (T. Oguro 
et al, J.Appl.Phys.81 (1997) 1407-1412). 

[0036]Each of these two processes is the effects which may be produced without 
existence of a strong electric field. According to the estimate based on the measurement 
result of the excited-wavelengths dependency of PL quenching by an impressed electric 
field, with the porous silicon diode at the time of EL luminescence, the strong electric 
field about 10 6 V/cm exists in the comparatively shallow field in hundreds of nm 
Fukashi from the surface of a porous silicon layer. Since electron emission begins from 
impressed electromotive force still higher than EL, it is considered that the hot electron 
is participating in electron emission. 

[0037] On the other hand, especially by this embodiment, since the oxidizing zone is 
concentrated and formed in the surface side of the RTO-PPS layer 6 by RTO processing, 
it is thought that the strong electric field produced near the surface has caused 
generation and tunnel discharge of a hot electron like a porous silicon layer. 
** According to the result of the career time-of-flight (time-of-flight:TOF) 
measurement relevant to the photoconductive effect of the electronic drift length porous 
silicon layer. It is reported that the drift length of the career in the porous silicon layer 
under a strong electric field (10 5 V/cm) also amounts to about 1 micrometer (R. 
Sedlacik et al, Thin Solid Films 255 (1993) 269-271). This is a value far exceeding the 
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size of the crystallite silicon layer in a porous silicon layer, and it means that a 
conduction electron can become hot easily, in short, the electronic conduction in a 
porous silicon layer is governed — **** — it can be said that they are interface 
organizations, such as thin silicon oxide between the surface layer of the crystallite 
silicon layer in which not the single-crystal-silicon structure itself but a strong electric 
field exists thru/or a crystallite silicon layer. 

[0038]These things are applied also to the RTO-PPS layer 6 in this embodiment, When 
a comparable electric field exists, it is guessed easily that electronic drift length 
becomes long enough compared with the grain size (this embodiment 200 nm thru/or 
300 nm) of the polysilicon 61, and the electron which arrived at the surface has become 
a hot electron. 

* * The result of having measured the energy distribution of energy [ of the electron 
emitted from the field emission type electron source 10 of the energy distribution book 
embodiment of the emission electron ] N (E) is shown in drawing 9 . In drawing 9 , when 
I sets direct current voltage Vps to 12V and RO sets direct current voltage Vps to 15V, 
Ha shows the case where direct current voltage Vps is set to 18V, respectively. 
[0039] Drawing 9 showed that the energy distribution of electronic energy N (E) was 
broadcloth comparatively, the several electron volts high energy ingredient was 
moreover included, and a peak position shifted to the high energy side with the increase 
in the direct current voltage Vps to impress. Therefore, it is thought that there is little 
electronic dispersion in the RTO-PPS layer 6, and the electron which reached the 
surface side of the RTO-PPS layer 6 is a hot electron which has sufficient energy. That 
is, it is thought that the false ballistic trajectory type (ballistic) electron emission 
phenomenon has happened. 

[0040]That the electron which arrived at the surface of the RTO-PPS layer 6 has not 
received strong dispersion eased even to a thermal equilibrium state has little energy 
loss within the RTO-PPS layer 6, i.e., thermogeneration, and it induces the effect of 
holding the diode current Ips uniformly. It is thought that the pillar-shaped polysilicon 
61 (refer to drawing 1 ) which remains in the RTO-PPS layer 6 contributed to diffusion 
of heat, and has controlled generating of a popping noise. 

[0041] Although anodizing has been performed to the polysilicon layer 3 which has the 
columnar structure deposited on the n type silicon substrate 1 in the above-mentioned 
embodiment, as long as structure as eventually shown in drawing 1 is acquired, a 
massive polysilicon layer is deposited and anodizing may be performed. Micro 
processing of the surface side of the n type silicon substrate 1 is carried out 
pillar-shaped from the main table side of the n type silicon substrate 1 to a prescribed 
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depth, and it may be made to perform anodizing instead of depositing the polysilicon 
layer 3. 

[0042]By the way, although the n type silicon substrate 1 (substrate whose resistivity is 
abbreviated 0.1-ohmcm (100)) is used as a conductive substrate in the above-mentioned 
embodiment, A conductive substrate is not what is limited to a n type silicon substrate. 
To metal substrates, such as chromium, a glass substrate, etc., for example, a transparent 
conductive thin film. (For example, ITOrlndium Tin Oxide) The substrate in which 
conductive films, such as platinum and chromium, were formed etc. may be used, and 
large-area-izing and low cost-ization are attained compared with the case where 
semiconductor substrates, such as a n type silicon substrate, are used. 
[0043]When a conductive substrate is a semiconductor substrate, after it may perform 
membrane formation of the polysilicon layer 3 by the LPCVD method or a sputtering 
technique or, it forms an amorphous silicon with plasma CVD method, it may be made 
to crystallize by performing annealing treatment, and it may form membranes. In the 
case of the substrate with which the conductive substrate formed the conductive thin 
film in the glass substrate, after forming an amorphous silicon on a conductive thin film 
with a CVD method, the polysilicon layer 3 may be formed by annealing by excimer 
laser. The method of forming the polysilicon layer 3 on a conductive thin film is not 
limited to a CVD method, and may use the CGS (Continuous Grain Silicon) method, 
catalyst CVD method, etc., for example. When making the polysilicon layer 3 deposit 
on a substrate with a CVD method etc., since the orientation of a substrate influences 
strongly, the polysilicon layer to deposit, What is necessary is just to set up the 
deposition conditions which grow perpendicularly pillar-shaped to the main table side 
of a substrate, in making the polysilicon layer 3 deposit on substrates other than a 
single-crystal-silicon (100) board. 

[0044] In the above-mentioned embodiment, although rapid thermal oxidation of the 
PPS layer 4 and the polysilicon layer 3 is carried out by RTO art, even if it oxidizes not 
only by rapid thermal oxidation but by the chemical method, it may give up, and may 
oxidize by oxygen plasma. It may be made the nitriding instead of oxidation and what is 
necessary is just to use methods, such as nitriding, thermal nitriding, etc. by nitrogen 
plasma, in nitriding. That is, a silicon nitride film may be adopted as an insulator layer 
instead of the insulator layer which consists of the silicon oxide 64 in drawing 1 . 
[0045]In the above-mentioned embodiment, although the gold thin film 7 is used as a 
metal thin film, the material of a metal thin film is not limited to gold, should just be 
small metal of a work function, for example, may use aluminum, chromium, tungsten, 
nickel, platinum, etc. As for the work function of 4.50 eV and tungsten, the work 
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function of 5.10 eV and aluminum is [ work function which is gold here / work function 
of 4.28 eV and chromium / the work function of 5.15 eV and platinum of the work 
function of 4.55 eV and nickel ] 5.65 eV. 
[0046] 

[Effect of the Invention]The strong electric field drift layer by which the invention of 
claim 1 thru/or claim 4 was formed in the 1 surface side of a conductive substrate and a 
conductive substrate, It is a field emission type electron source which it has the metal 
thin film formed on this strong electric field drift layer, and the electron poured in from 
the conductive substrate by impressing voltage as an anode to a conductive substrate in 
the metal thin film carries out the drift of the strong electric field drift layer, and is 
emitted through a metal thin film, At least said strong electric field drift layer 
abbreviated to the main table side of a conductive substrate The pillar-shaped 
semiconducting crystal installed successively by intersecting perpendicularly, Since it is 
formed in the surface of the semiconductor micro crystallite of the nanometer order 
which intervenes between semiconducting crystals, and semiconductor micro crystallite 
and consists of an insulator layer of thickness smaller than the crystal grain diameter of 
the semiconductor micro crystallite concerned, Small, at the time of electron emission, a 
popping phenomenon does not occur and is stabilized, and the degree-of-vacuum 
dependency of an electron emission characteristic can be efficient, and can emit 
electrons, Since the substrate in which the conductive film was formed etc. can also be 
used for a glass substrate other than semiconductor substrates, such as a single crystal 
silicon substrate, etc. as a conductive substrate, Compared with the case where the 
porosity semiconductor layer which porosity-ized the semiconductor substrate like 
before is used, or the Spindt type electrode, it is effective in large-area-izing and 
low-cost-izing of an electron source being attained. 
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'>^<tt>. a#<&¥*{Ms*-e*s#!J ->y =">6 i 

63t v »MS'>y =V§6 3W^ffi(c:^^tt^^ 
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w&L&iMtmmfth'v y hmt. vmmnvy y mi± 
<n&ikmm&Qi>'\^tmm<n&mmtfrt>te?>z.t& 

[W*JS3J flfflEiftflMttt, BHbBU 9 adit** 
1 Sfctt»#gi 2 E«iDt#JSt»aiT- 

[«^4] mriBiuuia, mts£*.*)ti:z>zt&<& 
mt-tzm&m i * fctt»#« 2 is«om#^#t^s^ 

lo 0 0 1 ] 
[0002I 

{«*©«*] mntkHmm^mt ut, h 

^tt^HISfrS 6 6 5 2 4 l^ft^^^TI^S^ 
*3^5^f>-H (Spindt) ^«^tI^tftuSt><Oy45fc. 

&&m&1tZtktt1L%&-t-Zbti,\zzz* ■y??-.y7l l Z 

ttLxmmzfritmx'Mwztitcv-bmt&ffiz., m 

SftdT^S; v9^v^V- i MPlc**LT*«i: LT 

[00031 u^u/«c^<b, ^^vwrnms., mmy 

*^y^*r««A<«ifti-Sii:*JJtL<, 0>J;Ltt¥S 

fitsi?^, %cM£thtcm*\z£oxm&tfx& 



(2) ftffl 2000-100316 
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»IHIHw36±*B&Cfcit>K:, SJf^ (10 s Pa -10 
6 Pa) TfiSffl-f 5 , *xh&&<teZt t 

[0 0 0 4J -»»0*A-£«rafclrt-5fcftfJ:, MIM 
(Metal Insulator Metal) ^it-^MO S (Metal Oxid 
e Semiconductor) Sro®#mi*Sffi^jlg#&5g£*XT 

i^s. tfi# tt&s - &m.Wk - , &&tt&m-mM 

U:^T«^<rc»W^£ffife3fcfc(ctt (#-<ro®^- 

(5l#mU^) Srfc* 9iS5< TtftV^l^^as 
20 [0 0 0 5] ifi¥Tttx ^^^8-2 5 0 7 6 6 

#^«fcM*£;h/-C^<&.fc ->y a^SK^ifo^ 
HWiMbi-SwirfciO^JLK^flEJi (0>Jx.tt, 

m^JS (^*^®^«ctb^T-) *s«3estt-rv^s. 

[0 0 0 61 

30 #^8-2 5 0 7 6 6 ^«tC|B«i<0«i|ltt*tS*-T- 

3^. h^'}'^-fb^iin,>^^p^^-g-^ a^ai^t- 

[0 0 0 7] ^BJ«iJifB^:*(C^T:^^tU7 , c'b<OT- 
[0 0 0 8] 

$tsmcj&at, $ Hfc k y y h m t H m&mn k y 

T-fcoT, HWBSMMpKy 7 Mitt, 'M<tt, W 
50 tt**<o±*ffi^»i([S;LT?yw:*ttfctttt«>i[tilW*:e 
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[0 0 0 9] fl*Jl2<73^P^(*, <0^g^|C*3l/> 
[0 0 10] »#JK3<B»Wtts m#«l *fctttt*S 
[0011] Mf*Jg4<0»91B:, *fcf4|||#Jg 
[00 12] *»93#H\ 0tift3F$:<a**j|t % 

tt*<Oft*-C«l&l Lfc#«W8 - 2 5 0 7 6 6 
[0 0 13] 

-fjUl 0O®B&*f£;III£r, El 3 (a) ~ (e) KttJMfc 
flfitt*!W»0. lQcmW (100) S 

[0014] nm&mi&toWUMtmm+mii on, m 

f&gefk^nrtTKy ayi5«^n, ^#y->y 
3 vl 5 ±til»fc ^ y y 3 yf 6 

[0 0 15] 
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tt, 1 0 i t tUH 

ziLKtfv ->y 3 v« 6^n;^-SraA-f 5 t 

[0 0 16] Sfc, ±54<D#?L1C#y =y|6H, 

[0 0 1 7] JUT, «5§#feKo^Tig3«:#flBLfc# 
10 fettUHi-S. 

[0 0 18] tf, nfi/ynySfilOSIICt-? 

«t5riKJ;9@3 (a) U*i-J;5*«3t**»fe 

h*. ^y->y3yi3ro», l pcvDm^x <o 

fiKBS^fe#tt, 2 0 P a s &Kifi&& 6 4 

0*0, *y v/7^^f^<73^*^6 0 0 s c cmi L-fc. 
[0019] K-^W/K y->|iay|3 L7i 
«, 5 S w t %©7 yft***»»t / - A't $;« 
20 1 : l-ca£Lfcft^«±0*5W*tt*:JBlr\ 

y y 3 4 (jbtf, ppsi4ttt) # 

M§jii3 (b) l^i-J; 9^*jS^»f>tu5o * 

»10mA/cm ! -^ KfrUgSHkBtW & 3 0 g> t 

-rz>kkt>\z, IWb'pics o owra^y^^fy? 
>-7*(cJ; 9#y ->y 3^g3<D*Stci3feBS«Srffo7t„ 

#y v-y 3vJi3<o-«fB&#7L«{tLTv>5j5s, # y 

y 3ve3£«B&#?LffflsLTt «tl\ 

[0 0 2 0] *j«|RiSt<li (RTO : Rapid Therm 

al Oxidation) SffflC J; oT P P Sf 4RX$# V > V 

3V»3©A3S««Mb*rtT5 -iUJ; 19 H 3 (c) (c^ 
•t«^ 5 #f>^-5c i^t-, E13 (c) U*J»7 5 5f±#. 

aB»«M t s *vfc # y ^ y 3 >- » * , 6 $ 

fcPPSl'f^ RTO-PPSi6t«!t) 

mimmzitzmk Ljt„ *njsjgffi-c«, pp 

si4M*yv'!J 3>jp3©iWb*r«La!fl!fflMfc;UJ: 9 
[0 0 2 1] ftJC, RTO-PPS@6±|C^JP»K7t 

03 (d) j3±twa2fc*-t-«3t(D«flLift»a«-?-a![i 

50 f?ri5lOnmiLt*5, c W^fffi^lciil^i-S fc«> 
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[0 0 2 2] U*"r\ *HJfe^«8w«#^S«^-aS 1 0 
[0 0 2 3] ±a$©WJMM*£rtfr?-W 1 0 SrJ*3S?- + V 

m7 1 «^ 2 1 <d mzffi,frz> it— h'mm 

Ipsi, mJMfcWSrttf-Sli 1 0*»6>&KfBt7S:jBL-cai: 
ftt£*-T) (cj;tj ^Ui7^m®2 l i:&»8l7 iwFfllc: 

«En*stiii«T-*« i e t zmiz i,tii&m&m 5 u:^ 20 

t. 7 Itt— vy? «H 2 (o£ K) . n 

[0 0 2 4] ®5<DWm&fflfifflE.Vps<DW. : k, 8£ttfi 
SSK&S&^U ISJU't'co-i' (O) 3r— YWffil I 

ps&, pJE^oon (•) *s®:ffl©-=F-m«E I eSr^-f. * 
ammEEVcW: 10 0 V— 3ti Lfc„ 

[0025] H5*»6t>«-a»$j: tttturarai 

eJ4iii^mJEVps*SjE(Ot #O^MSiJ^4x v B:gS^;EEVp 30 

1 5 V t Ufc £ t , it— b'WLffi, I ps e>ttflC«ttttlft 
1 0 0 mA/ c m 2 s *feWffi^-«^ I eOa^ft«B& 1 
O m A/ c m 2 t?fc 9 , r OJifctbm^BfiE I e<Dttte££jfc 

-Cfcf? (0iJx.«, m^W^ilft^ED9 6-1 4 1, 

P4 l-4 6lC«fc;tt^ B:giD®lIVps£l 5V<bL7t£ 40 

YWM I psCD^;gfES; i SJiB& 4 0mA/c m 
s > Jkaa^iajfE I ero«SS$gai3B& 1 fi A/ c m ! T*#> 
5) x *3£lfc®liB<B®im*f§!f8-?-ai l 0<D«^-w«(tb 

[0 0 2 6] 06^ c:<DS:mm^®^lei:iE«D®JI 
VpsilCH|-t~'57 f — ^SrF o w 1 e r -No rdhe i 
m (77!>f-y/WhWA) ^ayUfcgM* 
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[0027] 07 ittmmmmnnfttkttwni-m 1 0 

<r>?4 Or- K««E I P s4o ctt>*%a«^-«iift I e^ftm 
©«e*af*>9, RH^W-f a«^>f^-— KttilEIpsS:, 
ii:«!E®JBEVpsSr 1 5 V— t«tEVc4 1 0 0 V- 

mmmm<Dm^-Mc^mmf-m 1 o -era, *w a— k«sj 
ips, ^tum^-mM i epj^ <tt 7Ks/fv ■rm&u-mm 

S*ti\ Rma*&i!L-Ct>B&-5£(D*V;t-- Km^Ips 

[0 0 2 8] 9c *H8£^SO®#^^mT-81 1 O 
El 8 »^Klife^fi|09«|f 1 0 COj^ffl^A r 

tgsfE i psST/sfems-^mM i ^mt^-to m 8 ««i 
mm&m. «tt*s*«ft«*-c*>o, iRiHf©^ (o) 

**^-f*— K««I P s*, |ir]|g]*<Do (•) *S0Cttim^ 
©SS I e^Tjk-f'o El 8^?,, *^5iO-'Pa~lP 

a<oj£H-ciil&— ^wiScfflS^HSEie^fen, ifcfcH 

<l#'tt^D*^a^fe#tt7!l5/j^^v^<Dt ^ , n&m&gr'pmt l 

mi 0Sr^Jffli-5^B<o{g=r^ hfb/jsig^^t i tic:® 

[0 0 2 9] *HJS^«<om#^*fMfl;TFjSl(o« 

[0 0 3 0] Sf, tt^Wco^«Sr^S3t Rft 
ttHKbj^SttOB 3 (b) Ot*i|SfroP PSS4»fffiS:T 
EM (SiSSS^f-Kef^) {C±9^Lfctr^>, 

^yt, TKy ->y =>^m3i&tig'&(D%i3 ( a ) to 

(El 3 (a) ro±T^(6l) O^sfflV^^ro^W^ (!^ B B B 

L^^m, y y =i 3 ro^^kKJ^ 

<ottitti:oiii]Sr***ifiiiiiBMB»ft;a«iafifb» m®m 
it& t s^<o -> y 3 v ^ w is<»m mum o t v * 5 1> <o 

t#x.P)ttS 0 i*Ui, #7LRS (PPSI4) O^fig 
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tmm&MiW =^ji 

LtV^S Ot?&5 t %t f>tl5, mc&VN 

y => i"Ji $r»ffi!Mb*&3i-5 r. t K J; tj *v5 #?L 
-> y 3 ^ i v) t ffi^xfcttfC £ t> o t % * fejx 

[0 0 3 l] ±5*(DTEMffi^ro^m^ibs HI 3 (d) 
te7rrf&mf&m<t&tl1t.&lL'S7}iV a^S6 (RT 
0-PPSJ16) »4, »l#Ky7M(j: 1 m 

#y =>>6 i ^yi/yayeicsscM* 

ftfc!$V>^y =>^<blK6 2 i:, tiE^cOJ^ ]) i, V a v 6 

|cMJ^R«*S->'j nyi6 3 9 fc 

[0032] l^lt, **jg^ffi<om^»cw®a^ai 
i o -m, fc*?* A'-cw?-tta*ja i s t%;t 

LTjEKfc UTlWfli-SittWmffiVpsiWJrJM (SS# 
«) l-jS-r?>i, nfl^y = Vg|RH»JA»P>RTO-P 

RTO-PPSS6^Pn*P^ixfcmi^««tA/^v' 

Bg6 4lc*^>-QTV>5?sm#fc:J;f9APj«$ixRTO-P 

p s jg 6 t^*3tt 5 # y v- y =* v 6 1 wr^co^rfl &mm^ 

|6]/i>oTig 1 ^<D^PPAC0(^]#— (@lt©±*[nl--|il 

/$»ot) Ky7ht5„ rrt;> RTO-ppsl^ro 

t4< RTO-P P SS6W*®(CPJia-r5 0 RT 
O-PP SS6<D^B(-Pj3*Ufcm^-e "fi*-y h^W 

0 t>&k TSk±.<n^*.jv*?*:^i-$-z><nT\ rto-pp 
SJi6<z>*affi<DM{lsJlSr^urAaH!l7*rSffi^ h >• 

[0 0 3 3] tr5T, **tg^ro«#^Sa^M 

1 OX'fi, ±xE<D|2l7T-tttKL7t<t p^5K->fc'>'y/-i' 

RTO-PPSl6li#^W>ro 
y=>v6l) •CtttSftttl8ifl*Jt»S*tT^'>5wi:*»6>, 
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daicD^y ->y i) *e#LT^fc»a 

[0 0 3 4] «±5rStfe5t v »«JfKy 7 hJlfcS 
RTO-PPSf6lt »«Jfc6M¥fcL5 3¥ilfe*tt«: 

[0 0 3 5] ±j£(D<fc h^l-^ hcVW hv^ 

10 y v^K:J;5«^acao*«*3E«fi-5*«i: IT, <X> 

tt> <0 2 0Wia^SJi*$nXV^ (T. Oguro et al, 
J. Appl. Phys. 81 (1997) 1407-1412) . 
[0 0 3 6] rttb<0 2oCOiaSttV^-fix1>5fim#0 ; fiF 

ay^t-Kt'll, 1 0 6 V/cmgS<733tfl;#/J5jK 

KilSt''Hi*PllEE*»bj**5*»e>, « J f-3»a»cW:*y 
[0 0 3 7] rmi, *SIJS»tt-CHt, RTOM 

fc«toTSt{tiiiS5RTO-p p sl6roSffiflic#i:i 
40 figt h v^tkasrgiarfir. Ltv^t%x.?>n5c 

tT^Pfl (time-of-flight:T0F) ffl^CfeftCtnil 
«#T (10 s V/cm) \Z.foZ>-#— : 7XZ'V^>m<h 

^axTV^ (R. Sedlacik et al.Thin Solid Films 
255(1993)269-271) „ :n(l<K-77i/U ^yf^ 

50 df-7^->y ^yffrolfgl^MLtv^ . 
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6„ 

[0 0 3 8] -Htrow t»i^HJ6^jc:*5W5RTO 
m^-co ku7 hs»4^y ->y =i>6 i co^u-r v 

n m^V^ L 3 0 0 n m) 
ail'* hn^tc/£oTV^5r t/SS^JctS^^ttS. 10 

<D^*ju*n (E) <©:**/i^##*jMJ£L'fctt*«:ei 
9(c^-r 0 g|9»C::}o^T, -f f4iESftSJiVps£ 1 2 V t 
Lfc4§-£\ 3f4jjj;^|/EVps£ 1 5 V£ Lfc^-gN ^« 
SWHtEEVps* 1 8 V & Ufc$§-3\ Sr-ttt^n^i-. 
[0 0 3 9] El9;S»e>, flrf-COai^/u^N (E) <F>*-* 

^/U^^Sr-g-A/Tii'^ PP3)P-t--5ii:j!SmffiVps(Oli 

ant t "b^e— ^fice^fss^^^dij^^^ h-rs- 1 20 

*S*>*»ofc. lfc*5or, RTO-PPS16 Troit^?- 
tfcSLtt^ft < , RTO-PPSI6 Ol&mM^m Ufc 

[0 0 4 0] /,£*>, RTO-P P SJ16 W^S^flJigL 
tfTWiVirl^pr RTO-PPS|6^T?<Ox 
WHpsfc— Jtfc:fiyqrT*-69b*«r£tr. £P>(d, R TO— 30 

ppsge^K^LT^ti^tfy ~>y ny6i 

££#)fli<JLTV^6<t#x.e>ax6 0 
[0 04 1] JJBSMfcJBffl-Ctt, n|->!) 3 yS 

« 1 ±tcJt«f bfctt^«it^wi-6# y is y 3 v« 3 ic 

&ft*Ui*R©aKi> ~>y =>vS5r^«LTI^ 
S&fc&SlSriSLT'b ±v\ #y ixy 3^Jf 3 £ 

ai$*T?n^^y ='>mm.i<ommwz&mc-*<{? u 40 
[oo4 2] t^^r% ±E*is»i8-eHt, mn&&m 

tltni->!)3y8gi OgfcM^B&O. 1 Q c m<D 
(10 0) £«) £ffl^TV>6as, Wttt£4Ettn&£' 
y 3VS«l-Pfi^$n6fcWf»4^<, 0ij^.tf s 

(9iJx.fi, I TO: Indium Tin Oxide) -^fi^-^ u 
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[0043] £fc, 4<y iyy 3^8 3 0fi5cdf«, 

S«^^«#:S«cO«-a-tC liLPC V D jfe^ /< S> * & 

£0x7^777-/!) => v^^L/t^fcr--^ 
«<o»^fcn. cvnm\a.ixwmvtimmi±\z.T*;u 

-TSCtfCfcy, tfV~>» =>>m3&Ml£l,Xh£i<\ 
*7t, *«tt5»R±fcjKy >>y 3V)i3 4r^i-67?& 

(Continuous Grain Silicon) ft^lCVDfe/fif 
£ffl^Tfc«fcV\, ft*5 s #y ^y 3 VS3 fcCVDScft 

if»-«tfja«jifciiiw$-a:64&-a-, *«six5#y^y 

t, >tfy ~>V 3 V =y (10 0) s^s 

JW^WS«±(d*ia[$-ti:6^-g-(o:i4, SfficD£g?ffi|c#j- 

[0 0 4 4] ifBIIJS^^t?^, RTOSWICJ: 

otp p ss4^t/*?y ->y = y§3 ^ana^bLT 

ttiU Sa^X-^fc.fctJftflsLT'fe.fcVv, *7t, 

fflv^ifi^, -tteio-b, m 1 icifeit6v'y 3>^tBS 
e 4 «t y *6«s«Btro#*) ic^y 3 vtt{b«*jM»Bii 

[0045] *fc, ±ian^»ir*3^rtt, &m»m 

t LT^»IK7*fflV^TV>6^, ^JR»(StDW«^^ 

<4J;<, 9iJx.«, T/w-$=.i7i>,, ^n^, 9 is x-T- 
V, 3.-y^7K e^ncifSrfflV^Tt, 4V\ d^c, 
tt^MSfcfi 5 . 1 0 e V, Tjv % =. $ M,ni±^mm-i 
4. 2 8eV, ^ n AWtt*I^IStt4. 5 0 e V, ^ > 
y^=r^(n^mm-XA. 5 5 e V, ~ y trsUCDit&ffl 
*tt5. 15eV, e^Wtt*H»:{4 5 . 6 5 e 
6. 
[0 04 6] 

mn^EPJDi-6 r i: »ci •? *«tt*«*»foaA**tfc« 
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